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Primal-Dual Algorithm for Recovery of Fusion Frame Sparse Signals 

Jo Yu Song, Choe Choi Guk and Ri Chu Myong 

In this paper, we propose a primal-dual algorithm for recovery of fusion frame sparse 
signals and prove the convergence of the algorithm. 

Key words: fusion frame, primal-dual algorithm 
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Spectral Collocation Method for Solving Multi-Order Fractional Differential 

Equation with Nonlinear Integral 

Jo Son Hyang, Kang Yong Suk 

In this paper, we present a method to approximately solve multi-order fractional differential 
equations with nonlinear integral using fractional pseudospectral integration matrices(FPIM). We 
construct a spectral collocation scheme, study the existence of the solution, prove the convergence 
and give an example to show the efficiency of this method. 


Key word: fractional pseudospectral integration matrix 
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Existence of Solutions for a Multi-Term Fractional Equation with 
Anti-Periodic Boundary Condition 

Sin Yong Sim, Choe Hui Choi 

In this paper, we consider the existence of solutions for multi-term fractional differential 
equations with an anti-periodic boundary condition. 


Key words: multi-term fractional equation, anti-periodic boundary value problem 
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Quantitative Estimation of the Realization Condition Coefficients in KAM 
Theorem for Hamiltonian Vector Fields without Action-Angle Variables 

Jong U Hwan, Sin Kyong Ryong 

We give a quantitative estimation of the realization condition coefficients of KAM theorem 
for Hamiltonian vector fields without action-angle variables. 


Key words: KAM theorem, Hamiltonian system 




ei §& wm 2x\3^m^^sstnm=^ 

TJgjc ^ 

4 °fl 44 45454 34444444 4-§-4 44 4444 44. 

«SAICH4 H^7l#o| AlCHOIffl 11(471#°! #34^4 LhHhoi #& h *R^IL( XI?IS 
436(4 34= UUC(.» 

41! 45[2]444 44243]4i^°fl 4 4 444 34444554 44 4 4 li 4 
444 4444, 4K45[3]444 444244454 4 44 4444 5544445 
4 2444431444 44 444, 4K45[4]445 44 5^44 4444 4 444 
1- 4444 4 4 444 °J 554445441^1:, 44 45[i]44-4 4144 4 44 
44444 5-444 1444-2.44 44 4 4H4 4=5544 4 54 3-§- 44444. 

44444 244545444 4 44 4 44 4445 4-1-444 4444 2434- 
445554444 44 44 445 n 444 44444. 

44244 454 

k k k 

y = A) + YjPt x t + X^' x ' 2 + ZX## + 8 ’ e:N (°’ ct2 ) 4) 

i=Y 7=1 j<j 

4 444 4444 a = {(*!, JC 2 , ■••, x k )\x f e{0, +1,-1} ( 1 = 1 , 2 , ■■■,k)} 444 4444 5 

54444 4444 444 545 44. 

°14 444 44 444 54 (1)4 4 4 44(41() 0 14-5 44. 

*11 x 2 \ ... *£1 

*12 *22 ••• */t2 

% X 2N ■ ■ ■ x kN 

°H 442444544 4 4 4 4 444 4 4 44 m = (k + 1)(£ + 2)/2 °] 4. 

44 * /ff l- 0 l 444 444 4444 p 45 44 24554444 444 4°1 4 
5] 44. 

3°l i 44 411 (2)4 44244454 (i)4 44 44KH445 4 4 o] 4 ^ 
4 (jc-l)/w <5 4 4 2445444, (p-\)m = N 4 4 245444, Cp-l)m>5 44 24 

5544 4 °145 444. 

44 444 4444 4 4 454 444 444 545 44. 

54 (1)4 444 44 44 444 44. 

k k k 

v = Yjfii X ' + 4 + X Ai + X Pij X i X j + 8 (3) 

/=1 1=1 /> j 

54 (3)4 44 4-4 44-4 H 4 d = (D(N):D 1 ) 5 44 . 444 £>(5)4 (5x£)44 
4 411, 44 444, 244, 9^4 44 4444 (5x(i + A(A + i)/2))^«J4°14. 





18 


3^5444-45 44 54108(2019)4 4654 444 


54 (3)4- 454 

y = D0\ + D ^2 + £ (4) 

55 44. 444 0 1 =<A,P 2 ,~; A-) T , 4=d, Pn, p 2 2 ,~; P kk , Pn, Pi 3 ,-, Pk-Ikf 44. 

1455454 y = D0 l +s 0(14 4 4 4554454^ 444 A = (£> T £>r 1 £> T .v 4 
4 5 ^ (4)1- 4 -§-44 E0 l =0 l +A0 2 s. 44. 444 d = (£> T £>r 1 £> T £> 1 4 4. 

°H 6\4 44 4444 44 4444 ,4 = 0 4 4 4= 44. 
j = o444 44 4 4 d 4 4 4 444 £> T 4=o°14 5544. 

44 145545444 445-4 4444 44 44 £>4 444 £>- 4 444$55. 
4 det( d ( }4,) 4 445 44 4 44. 444 44 4444 ±44 (N x(i + &)) 4 *145 
4 4 = (i:4 (1 = 4 I -, D T )44. 

4554 24iii±444 4 444 444 44 4444. 

§o| 2 4424445-4 (1)4 4 4 44 (2)4 444 444 541-g- 44444 
441: 244555444445 4-44. 

® A = 0 

© £>-4444 £>0*4 444 [det(D 0 T J D 0 )/det(£> 0 T *D 0 J] 1/p =^max (p = k + 1)44. 

§o| 3 [5] 445.4 

>’ = A) + Ai + ■ • • + 4-5- (5) 

4 444 4444 £>"44 «44 ^55. 4544 4444 

X(N) = (x k =(x kl , x k2 ,-, x ks ) 4=1,2,-, N)) 

4 444-§-44 £>(/?„) = max l£„(Xj, x 2 , —, x s )-£(x!, x 2 , —, i s )l 4 455 4 

(jc 1? x 2 , •••, x s )sD s 

4 44 x(N)-$r 4444 £>"44 44-5-4 (5)4 4 4 444444-5- 444. 444 


s i n 

F(x u x 2 , —, x s ) = Y\*i, F n {x) = F„{x i, x 2 , •••, x s ) = -^/{x H <x 1? •••, x fa <xA 

44 444 


1=1 


k=1 


§0| 4[5] «555^44 [/„(«”) tf 44 4-5-4 4544 45 
u 4 44 4 4 4-5 554. 


FD 1 (P n ) = 


434 2 -" 5 

42, 


z' 


in 

' i=l i=l 


1 + i 
2 


v 


4/ 


1 


4/ 


1 


5 


“ k, 1=1 i=l 


l 4 

2 


4/ 


1 


1 

+— 

2 


4/1 


1 


-- 1 **/-*//1 


1/2 


§0| 5[4] 4 4 ^1: 4 44 4445 444 («xm)^1f, 4 s ! £-1 («x/7)41S 


4 4 45 4 4 4-4-4 44 4 4 4 -fr 4 444. 

4^4 as] 4^4 4 44 4 5 £44 41-i- 444 («x /?) 4 4 4 4 

444. 

© 444 44 444 n4 44 44 45445 £4 4 444 444 («x;?)4 
444 ¥ 44 . 

© -44 444 m 4 444 4444 («x^)4*34 ct 444. 44 4444 
a°\ 44 454- ,4 4-5 4 444:4 4 45 455 c = n©£5 ±4 44. 
24344554-444 444 44 54 44. 



4 44 4 4 4-8-4 444 2434lr-fri^i£444- : i L 4 


19 


34^4^44 X„(3 S )4 (7 44-44 U n (n 2 ) 4 4 4 4 4444 4444. 4 

X n (3 s )®U(n 2 ) = (X(3 S ) : X(3 S )) 

SfJI 44. 

24-344^^444 D(N: k) 4 

' X(3*) :jf(3 s )' 

D(N:k)= -X(3 S ):X(3 S ) (6) 

0 : 0 

V y 

44. 444 1(34 4 u 4 -§-4 4 4 444 x(3 s ) °1 444 4444 444 44 411 
-Sr N = 2n,k = 2s°l (N x k) 4 *3 4 4 JL 0 = (0, 0, •■•, 0) e R" 4 4. 

44 D(N:k)S\ _a_4. 

SHI 1 2434M±444 (6)-Sr 4^4444. 

SHI 2 2434Hr^£-4-4 4 (6)-Sr 14 tI 44^°1| 444 i!4 0 J ii444 44. 
4 D J D l = 0 °J i ± 44 4 4. 

il 4114444 N = 2n = 2x3 l 4 JL s = (3 l -1)/2 4 £1 44 7fl4(°J44 4 4)4 
A: = 25 = 3 / -1 °1 4- 444 4 4444444 m = 4 + l)4 + 2)/2 = 3 / (3 ? +l)/2 4-H-^. 

2m-N = 2x3 l x(3 l +l)/2-2x3 l =3 / (3 / -1)>0 


44. 44 44 H44 4444^. i444 x„(3 s )4 4^44 (744444 44, 44 
444 444 444 144^44-4 244^44, ^4i444 444^5. 4444. 4 

—Yj x L x Ja =^Yj x m x J« =^X x '«W/« =0 4 4 / = 1 ’ 2 > 25 ((*7 *0)4 4.(^4 4) 

«=1 a=l a =1 

4444 4 444 4 444- 4^4°J 2445.^^44 4 !-&■ 444 44. 






20 - 


^44^445 44 4 *ll 108(2019)^ *11654 *1144. 


k= 9, •■•, 14°J 7 J4 4444-°4>| 


fi. 7I|S| D(N:k)0\ °SAj| ?[ 


N 

k 

m 

D(N:k ) 

det(75 0 75 0 ) 
det(75 0 *75 0t ) 

i ip 

(%) 

13 

4 

15 

75(13 

4) 

72.58 


5 

21 

75(19 

5) 

71.70 

19 

6 

28 

75(19 

6) 

70.90 

7 

36 

75(19 

7) 

70.43 


8 

45 

75(19 

8) 

70.01 


9 

55 

75(37 

:9) 

69.73 


10 

66 

75(37 

10) 

69.45 

37 

11 

78 

75(37 

11) 

69.29 

12 

91 

75(37 

12) 

69.09 


13 

105 

75(37 

13) 

68.96 


14 

120 

75(37 

14) 

68.90 


Z 18 (2'x3 7 ) °114 4^4 & 0 fl5 0^0, 
!->+!, 2->-15. 44 4 X lg (3 7 ) -§- 4®j45 


44M1 44 4-1-4 4°1 

44 44. 


' *18 (3 7 ) 

: *18(3 7 )" 

75(37:14) = 

-*ib(3 7 ) 

: *18 (3 7 ) 


0 

V 

: 0 

J 


243444.5443| (6)°fl 44 D-i | 4^ 

O] oj n] 5 .X-I 2 ] ^ 

^3 -&- 544 D - 2] 4^1 4 -t-2] 

4444 444444 444 &j7fl^oil 45^- 

[det(D 0 T D 0 )/det( J D 0 T # D 0 J] 1/p 4 ^l#fr 445 

5 4U444. 

44444 54 44. 

5°H4 4.444 4°1 44 D(N: k) 4 4 


5.4444 444 44. 


a n ^ a 

[ 1 ] 444 5 ; 54455444444 44444 , 6 , 26 , 4 * 11105 ( 2016 ). 

[2] J. Bradley et al.; Technometrics, 43. 1, 2011. 

[3] E. Anna et al.; Technometrics, 59, 48, 2017. 

[4] E. Candes et al.; Ann. Statist.. 35, 2313, 2007. 

[5] C. Kashinath et al.; Statist. Sinica, 23, 1, 2015. 

4*11108(2019)4 64 104 4214 4 

Construction of a Second-Order Three-Level Efficient Supersaturated 

Design using Uniform Design 

Kim Choi Ho, Kim Choi Ok 

We suggest the concept of second-order efficient supersaturated design and study the 
construction method and the property of second-order three-level efficient supersaturated design 
using uniform design. 


Key word: second-order efficient supersaturated design 
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Float SobolSampleFloat(int64_t a, int dimension) 


uint32_t v = 0; 

for (int i = dimension * SobolMatrixSize; a!= 0; a »= 1, i++) 

if (a & 1) v A = SobolMatrices32[i]; 

return v * 2.3283064365386963e-10f /* 1/2 A 32 */ 
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float SobolSampleFloat(int64_t a, int dimension) 

{ 

uint32_t v = 0; 
static RNG rng;int perm[2]; 

for (int i = dimension * SobolMatrixSize; a!= 0; a »= 1, i++) 

{ 

float randomnumber = rng.UniformFloat(); 
if (randomnumber >= threshold) {perm[0]=l; perm[0]=0;} 
else {perm[0]=0; perm[l]=l;} 
if (a & 1) 

{ 

int b, c = Matrices32[i]; 
for( int j = 0 ; c! = 0 ; c»=l, j++) 
b += perm[ c-(c»l)*2 ] « j; 
v A =b; 

} 

} 

return v * 2.3283064365386963e-10f; /* 1/2 A 32 */ 

} 
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i 41^44 444 4 441- 44444 
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1044 444 41! 4 4 444 -2-44 4444 44444. 

s.o\]A] &o] xiTf-g- 44 4^44 -2-44 91.9%5. 4^4 44. 

si 

[1] I. Sobol; Zh. Vychisl. Mat. mat. Fiz., 7, 4, 784, 1967. 

[2] J. Kuo; SIAM J. Sci. Comput.. 30, 2635, 2008. 
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A Method for Better Quality with Improved 
Sample Sequence in 3D Rendering 

Han Song, Ri Jong Ro 

We propose one better Sobol sequence for conquering checkerboard texture when the 
number of samples is small in Sobol sequence. 

Key words: checkerboard texture, Sobol sequence 
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[1] C. J. Colbourn et al.; The CRC Handbook of Combinatorial Designs, CRC Press, 72~336, 2007. 

[2] P. P. Dai et al.; Des. Codes Cryptogr., 74, 15, 2015. 
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Construction of Generalized Balanced Tournament 
Designs GBTD(«, n) when n is 2’s Power 

Kim Song Choi, Kim Song Nam 

We construct the generalized balanced tournament designs GBTDin, n) when n = 2 k , k> 2, 
using difference matrices. 


Key word: difference matrix 
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The Existence of Solutions of Integral Boundary Value Problem for Generalized 
Riemman-Liouville Fractional Differential Equation 

Ri Yong Do, Pak Un Choi 

We study the existence of the solutions of the integral boundary value problems for the 
generalized Riemman-Liouville fractional differential equations at non-resonance. 

We obtain an existence condition of the solutions for the integral boundary value problems 
using the Schaefer fixed point theorem. Finally, we illustrate our result with an example. 


Key words: generalized Riemman-Liouville derivative, Schaefer fixed point theorem 
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The Analytic Solution Method of Multi-Term Fractional Differential Equations 
with Constant Coefficients with Two-Point Boundary Condition 

Jong Song Guk, Ri Song Rim 
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Predictor-Corrector Compact Numerical Method for Two Dimensional Nonlinear 
Riemann-Liouville Time Fractional Diffusion-Reaction Equation 

Kim Ryo Song, Kim Jong Choi 

In this paper, we propose a predictor-corrector linear compact implicit scheme for two 
dimensional Riemann-Liouville time fractional diffusion-reaction equation with a nonlinear source 
term, and prove the unconditional stability and convergence of this scheme by the Fourier method. 


Key words: Fourier method, modified anomalous diffusion equation 
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A Nonlinear Uzawa Algorithm for Generalized Saddle Point Problems 

Hwang Myong Gun, Pak Yong Song and Han Ryu Gyong 

We propose a nonlinear algorithm for generalized saddle point problems to accelerate the 
convergence of the inexact Uzawa algorithm, and prove its convergence. Also, we show the 
effectiveness of the proposed method by a numerical example. 


Key words: saddle point problem, Uzawa algorithm 
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A Method to Select Features of Support-Vector-Machine Reasonably 
for Spot Detection from Facial Images 

Kirn Kwang Chon, Ri Myong Choi 

We select features from gray level co-occurrence matrix reasonably to get higher classification 
accuracy when we detect spots from facial images including hair by Support-Vector-Machine. 


Key words: spot detection, feature selection 



54108(2019)4 
*11651 445 




mm ^ &xqeeoiiahoi 

s i Al 

44i°d°l 45 45444 4 545 Gi=(V u £j)4 g 2 =(f 2 , £ 2 )°ll 444 4^ 
5°J4 ^U^olJL f-5°J4 F 2 )°J ^5.4- 545-f Q 1 4 G 2 4 

5f5.3j.ji 455 G = G,©G 2 5 54 44. 4 4x1 £(4, V 2 ) = {(i,j)\ieV u jeV 2 }° 14. 

545 G 5] 4 44 w, o4°l 44 xfl^-f 4 44 (w, o) 4 445- -f- (u, v) 

4 445.4JL 45J1 / G («, y)5 5444. 

4 44 w, o 4 °l 4°1 °Ji n| £ f 5 l 4454 1 °J 5454 44545 , 5^4 
44 5451 : 4454545 444 . 4 4 4 u, v 44 4°1 454 °1 41-4 445 
4 54 m °J 5454 m -4454545 455 G "41 5444 . 545 G 4 44 
Hj 444544 44 444 °1 444 4445 455 </ c (y )5 5444 -. 

4 545 ^=( 4 , 4)4 g 2 =(F 2 , £ 2 )ofl 444 44544 f = 4Uf 2 45 f-54 
E 4 vueEovueE l 44 vueE 2 °J 5454 G, 4 G 2 4 454545 455 
G = Gj + G 2 5 5444 G 2 7\ Gj 4 445454 4 44544 K = Fi°l5 -f-54 

G = G, - G 2 °J 545 Gt G, 4 G 2 4 454545 455 G = G!-G 2 5 5 x144. 

*-4444545 cl a ;y :=j°’ , ,= - / . L:={ Jg(W/) ’ / = y l4 44 

7 Vg(w,-. 4 )’ '4 l ’ [0, i*j) 

n x4l 4 A(G) = (a iy ) n? „ (D(G) = (d iy ) nn )4r G4 44*3 4(444 4)°1 45 444. 

44 44[2]°114 4 444 *- 4444545 g °ll 44°i 4 54 454 4 4 «413 
4 i(G) = g>(G)- 4G)4 444 444444i 44 444 444 xj^. 454 5 4°1 

G 4 44 444 44 4444 4 IIS54 4 4 4 4[i]4 4 4 444 t5ef5 x” q 0 G 
444 444444-i, 4S44[3]444 4545 K n -G °\]4 G 4 44445454 
44 4444x1141-, 44444H44 444-4441- 4444 m-f545 5"'+«G 
°1144 4444x1141-, 44 44[5]°1144 5444455 445454 4425545 
4 ^ 4545°il x-i 4 414 4-44141- 47|4S4. 

44444 If m- f545 K™®K™ g 4 444 545 g 44 4, 4545 

(K n 0 K p q ) m + aG oil4 4 4 4 44xll41- 4 4-4-44. 

G4 441-4 5,^1 Wl 7H, 5™ g 4 444l541- 0 ll 44 a, <?i4 445 4-4-. 

545 « = -i°J 4444 g4 4445x| 44 m44-5 4444. 

G4 4 4 4-t-xH 41- y(G) 5 54 44. 

SHI 1 545 {K n ®K p q ) m +aGS\ v ((K n ® K p q ) m + aG) ^ 

v((K n © K p q ) m + aG) = [m(n + p + q)]"~ n '~ l [?n(n + q)] p ~ p ' ■ [m(« + p)] q ~ q ' ■ 

■ Mdet(aL(G) + D{{K, h © K pi % )”') - mW/M) 



- 46 - 4^7 ^* 11108 ( 2019 )^ *11653 44 ± 


4 44 

. 444 D ((K n ®K pit 

V”') -° 
<h> > ^ 

{K n ®K 

)' 

P, 8 J 

"44 G1 

41 

3 

44 

D dA5. 4 4 

44 4 


414 4 4 


W±r 4' 

44 

44 (n 1 + p 1 

+ ?i) 

4* 

§4< 

3 14. 



PQ-M •• 

• PQ 

P ■■■ 

p 

Q ••• 

0 






PQ •• 

■ PQ-M 

P ■■■ 

p 

Q •• 

0 






P 

P 

KP — l ■■■ 

KP- 

l l ••• 

l 





w = 












P 

P 

KP-l ■■■ 

KP- 

-l l 

l 






0 ••• 

Q 

1 

1 

.. ^ 
i 

0*- 

-l 





0 •• 

Q 

1 

1 

QK -1 - 

QK - 

l 




K:= 2» + p + g-n 1 -l _ e;= « + P ±lz ft_ p . = n + P + q-q l _ M , = PpQ _ gKP 
n + p + q n + q n + p 


(^@^ !3 r+aG5| 44141 444 44 441 1°14. 

AT„ -21 4 4 1444] ^ fioll -to^l „ - /2l cq nj*] 4 

^4 4414444 Gl 1444 />-/>! 414 441, 41 ^-^1 ^ 44 

4- 44444. 41 Gi 14 41 441^.4 ^„4 14 41 7^44 4411 4 
4 4 :M-*Ml 44- ^4 14 41 j9 1? 4 411 4-4^- 4^444. 

J-44 (l©4 ? )"+ffGd 4=4^*141 (?? + ;? + ?) 44 4 ^4 444 44. 

L = L((K a ®K P ' g ) m +aG) = 


— m •• 

• ^ 

-m ••• 

- m 

-m • 

• — m 

-777 •• 

- m 

- 777 

•• -777 

- 777 •• 

• -777 

— m •• 

• - m 

5 ••• 

0 

- 777 • 

• - m 

— m •• 

• - m 

0 

... 0 

- 777 • * 

• -777 

-m •• 

• - m 

0 ••• 

5 

— m •• 

• - m 

- m • 

• —m 

0 

... 0 

- 777 •• 

• -777 

- m • 

• -m 

— m ••• 

- m 

c 

•• 0 

- m • 

• —m 

- 777 

••• -777 

0 • 

• 0 

- m • 

— m 

— m ••• 

-m 

0 •• 

c 

- m • 

• - 772 

- 777 

••• -777 

0 •• 

• 0 

— m •• 

• - m 

— m 

- m 

— m • 

• - m 

4 • 

• m' 

777 

•• 777 ' 

m •• 

m 

- m •• 

• - m 

— m • ■ 

-m 

- m • • 

• - m 

77?' • 

■■ A' 

7 ?;' 

••• 7??' 

7??' •• 

• 7??' 

- m •• 

• - m 

0 ••• 

0 

- m • 

• - m 

m • 

* 777' 

5 ' 

... 0 

m •• 

• 777 ' 

— m •• 

• - 777 

0 ••• 

0 

- m • 

• - m 

77?' •• 

• 77 ?' 

0 

•• B' 

7 ?;' •• 

7??' 

- m •• 

• - 777 

- 777 • • 

- m 

0 • 

■ 0 

m •• 

• m 

m • 

• 777 ^ 

C' •• 

• 0 

- m •• 

• - m 

-m •• 

- m 

0 • 

• 0 

777 ' •• 

• 777 ' 

m 

•• m 

0 •• 

• c . 


°1 4444 A:=m(n + p + q- 1), B:=m(n + q), C := m(n + p) °] AL A', B', C 4 44 


iu|n a|o 






















44 4 44 - 2 . 4^444 44444444 


47 


A' := m(n + p + q -1) + ad G (Vj), B' := m(n + q) + «^ G (u, ), C' := m(n + p) + «^ G (o ( ) 

°1 4 13*114 (/, 7 ) -xl 44 777 '4 -m-al G {v i , Vj)i 1 44HE4. 

ZL^]JI 1f5| x]-%-2\ 77 - 77 , 7f°] *34 ll! K n 4 77 - 77,44 4414, 2 44 
p~p x , 9-9,44 134 4! 44 K p q 4 p - p t , 9 - 9 , 44 2L44 «i, 

/?,, 9 i44 *34 4! 44 K n , K p q s] ny, py, 9 i44 ^lofl cfl-§-^cf. 

°1 13444 444 134 44 4444 444 {n + p + q- 1)4Ht 4 4 4^1 4 

4 {K n ®K p q ) m +ccG2\ v{{K n ®K pq ) m +«G)4 4444444 444 det44 44. 

°1 4444 44444 {n + p + q) 4445.2. 

( 0 , ••■, 0 , 0 , •••, 0 , 0 , •••, 0 , 0 , •••, 0 , 0 , •••, 0 , 0 , •••, 0 , 1 ) 

4, 44444 (; n+p+q ) 444^2. 

T 

(-»?, •■•, —m, -m, ■■■, -m, -m, ■■■,-m, -m, ■■■,-m, -m, •••,-777, -m, ■ --,-711, 1) 

1- 2144 444 (77+/7 + ^)4444 det(L 2 )i det(4)4 42.4 °1 4444 444 
44 -l-g- 442. 444 41-4 444 4 44 4445- det(z 2 )4 44. 

44 4! 441- 4444 444 444 4 4 4 44. 

v{{K n ®K p g ) m +aG) = [m(n + p + q)]"~ n '~ 1 [?n{n + q)] p ~ p ' •[ 777(77 + p)] qq ' ■ 



^4' + 777 

m" 

m" ••• 

m" 

m" • 

•• m" 

-m 

0 

0 


m" 

A' + 777 

m" ••• 

m" 

m" • 

•• m" 

- m 

0 

0 


m" 

m" 

B' ••• 

0 

m" 

•• m" 

0 

- m 

0 


m" 

m" 

0 ••• 

B' 

m" • 

•• m" 

0 

-m 

0 


m" 

m" 

m" ••• 

m" 

C' 

■■ 0 

0 

0 

- m 


m" • 

m" 

m" ••• 

m" 

0 • 

•• c 

0 

77 — 77) — 1 

n + p + q 

0 

- m 


-i • 

.. _i 

0 ••• 

0 

0 

.. 0 -1- 

1 

i 


0 • 

•• 0 

1 ••• 

1 

0 

•• 0 

-1 

l+p-p 1 

n + q 

0 


0 

•• 0 

0 ••• 

0 

1 

... 1 

-1 

0 !+«-«> 
n + p 

2?7 + p + q — 77 j 

—, Q-= 

n + p + q 

- Pi 

, p 

n + p + q 

, M 

■=P + Q- 



n + p + q n + q n + p 


44 44 44 4 444441: 4444 Mdet{aL{G) + D{{K ni ®K pi qi ) m )-mWIM) 4 
4 444414!-) 

SHI 2 777 - K” + aG 4 4 4 444 4 oOC +aG) 4 444 44. 

v{K”‘ + aG) = 777 • {mn) n ~ n '~ 2 det (aL(G) + mnl n[ ) 









- 48 - ^ ^108(2019)^ ^165^ ^4i 

Wl -g- CLBj-2 GS\ ^^7H^o]jl L(G)~ CL^ I, h 2\ n x *3 ^ °1 4. 

DM *„ © ? 3 v(K n ®K p q )±r 4^4 ^pf. 

o(^„ ®^, 9 ) = (« + P + ?)"(n + ?) p “ 1 -(n + p) 9-1 

a 

[1] 61, 12, 7, ®*ll 104(2015). 

[2] N. Biggs; Algebraic Graph Theory, Cambridge University Press, 34~56, 1993. 

[3] K. L. Chung et al.; Inform Precess. Lett., 76, 113, 2000. 

[4] S. D. Nikolopoulos et al.; Discrete Math. Theor. Comput. Sci., 8, 235. 2006. 

[5] U Sung Sik; Electronic Journal of Graph Theory and Applications, 4, 2, 171, 2016. 

^4 108(2019)^ 6^ 10°J 

Enumeration for the Number of Spanning Trees 
of the Joined Addition/Subtraction Graph 

U Sung Sik 

We have enumerated the number of spanning trees of the joined addition/subtraction graph 
(K™ © Kp ) + aG by using the matrix tree theorem. 


Key words: spanning tree, enumeration 
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A Mathematical Model for the Image Inpainting 

Song Ju Hvok 

We present a mathematical model for the simultaneous filling-in of texture and structure in 
regions of missing image information. 

We propose a new mathematical model that can perform both image smoothing and 
structure inpainting in all regions to be filled-in. 


Key word: image smoothing 
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A Numerical Scheme for High-Dimensional Backward Stochastic Differential 
Equations Based on Two-Level Picard Iteration 

Pak Choi Gvu, Kim Mun Choi 

We propose a new numerical scheme for high-dimensional backward stochastic differential 
equations based on two-level Picard iteration. 


Key words: high-dimension, two-level Picard iteration 
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An Algorithm for Solution of Unconstrained Black-Box 
Multiobjective Optimization Problems 

Kim Ju Song, Ju Kwang Hwi 

In this paper, we propose an algorithm to approximate the Pareto optimal solutions of 
unconstrained black-box multiobjective optimization problems based on a trust-region approach. The 
numerical examples validate the efficiency of our method. 



Key words: biobjective optimization, multiobjective optimization, trust-region approach 
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Existence and Uniqueness of the Solutions to Mean-Field 
Backward Stochastic Differential Equation Driven 
by Fractional Brownian Motion 

Ri Kyong II, O Hun 

We prove the existence and uniqueness of the solutions to a mean-field backward stochastic 
differential equation driven by the fractional Brownian motion with Hurst index 77 >1/2. 


Key words: mean-field, fractional Brownian motion 
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An Approximation Scheme for Constructing the Value Function in the 
Differential Games with Nonterminal Payoffs and State Constraints 

Jang Kum Song, Ri Kuk Hwan 

In this paper, for the differential games with nonterminal payoffs and state constraints, we 
present an approximation scheme for constructing the value function and estimate its convergence. 


Key words: differential game, value function 
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A Pairing-Free Certificateless Proxy Signature Scheme 

Ri Sol Gvong, Kim Choi Un 

In this paper, we construct a pairing-free certificateless public key proxy signature scheme which 
is based on semi-logarithm problem on the elliptic curve group and prove its security. 


Key words: certificateless proxy signature scheme, pairing, semi-logarithm problem 
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Asymptotic Behavior of Solutions for Subcritical Dissipative 
Nonlinear Schrodinger Equations in One Dimension Space 

Choe Kwang Yun, Kim Jin Myong 


In this paper, we obtain an asymptotic behavior of the solution of the subcritical dissipative 
nonlinear Schrodinger equations iu t +u xx /2 = A I u \ 2 ~ 2r u with sufficiently small initial data. 


Key words: Sobolev space, asymptotic behavior, Cauchy problem 
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A Sample’s Weight Decision Method for k- Means Clustering Algorithm 
Considering Ambiguity of the Samples 

Hyon Choi Min, Yun Ryong Han 

We propose a new weighted k - means clustering algorithm based on ambiguity of the samples. 
The experimental results indicate that the proposed algorithm have better effect than KM and 
SWKMA. 


Key words: A:-means clustering algorithm, clustering algorithm, sample weighting scheme 
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An (y-Limit Set of Induced Circle Map on Hyperspace 

Ri Song Hun, Ju Hvon Hui 

In this paper, we recognize that an m — limit set of the set-valued extension of an induced 
circle map on hyperspace has infinitely many nondegenerate connected components. And also we 
find some conditions that the co - limit set of the induced circle map on hyperspace has the finitely 
many nondegenerate connected components. 


Key words : hyperspace, circle map, co - limit set 
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Improved DOI Intra-Field Deinterlacing Method using 
Image Local Regional Features 

Jo Tong Choi, Ri Choi Gyun 

In this paper, we propose an approach to improve DOI intra-field deinterlacing method using 
Bayes estimation. It is showed that this method outperforms prior results through our experiments. 


Key words: Bayes estimation, intra-field interpolation, deinterlacing 
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Construction of Incomplete Second-Order Two-Level Efficient 
Supersaturated Design using E(s 2 (Optimal 
Supersaturated Design 

Kim Choi Ok, Kim Choi Ho 


We establish an efficient supersaturated design for the incomplete second-order regression 
in two-level design sphere and study the construction method and the property of the incomplete 
second-order two-level efficient supersaturated design using E(s~) optimal supersaturated design. 


Key words: incomplete second-order regression, efficient supersaturated design 
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A Rendering Method using a Better BRDF of Phong Model 

Ri Jong Ro, Han Song 

We propose one BRDF model for reducing of error in the scene containing glossy materials. 


Key words: BRDF Model, glossy material 
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An Effective Numerical Scheme for BSDE using Muti-level Iteration 
and Gauss-Hermite Quadrature Rule 

Ho Sung Ryong 

In this paper, we propose an effective numerical scheme for BSDE based on multi-level 
iteration and Gauss-Hermite quadrature rule and estimate its error. 


Key word: backward stochastic differential equation 
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Hyers-Ulam Stability of a Nonlinear Multi-Term Fractional 
Differential Eqaution with Impulsive Condition 

Ri Son Hyok, Ri Yong Do 

In this paper, we study Hyers-Ulam stability of a nonlinear multi-term fractional differential 
equation with impulsive condition. 


Key words: Hyers-Ulam stability, fractional differential equation 
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Improvement of DOI Intra-Field Deinterlacing Method 
by Combination of Weight 

Ri Choi Gvun, Jon II Gwang 

We propose an improvement of DOI intra-field deinterlacing method by combination of weight. 
The experiment shows that this method is usuful. 

Key words: Bayes estimation, intra-field interpolation, deinterlacing 
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An Improved Watershed Segmentation Algorithm using BM3D 

Hong Yong II, Pak Chan Jong 

We propose an improved watershed segmentation algorithm using BM3D. 

The experiment shows that this method is useful. 


Key words: watershed segmentation algorithm, BM3D 
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A Method for Uniform Velocity Distribution at the Inlet 
of Multistage Hot Air Dryer 

Kim Ui Song, Kim Kwang Hyok 

We analyze the velocity distribution in a multistage hot air dryer and find that we can set 
up the obstacle plate behind the hole for uniform velocity distribution at the inlet of the hot air 
dryer. And we determine the size of obstacle plate, the size and interval of the hole for uniform 
velocity distribution at one type of multistage hot air dryer. 

Key words: hot air dryer, numerical simulation 
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Numerical Simulation Research on a Free Jet Flow 

Kim Choi Sok 

We propose the analysis method on a free jet flow, design and manufacture the equipment 
for this method. Then validity of the proposed analysis method is proved by comparison between 
measuring data and calculation ones. 


Key words: free jet flow, numerical simulation, internal flow, external flow 



# 4108(2019)4 
4 654 4 43 




§712*011 ah ^jx«§giS 4 , h oi 

?ie* wm ^xi£o|gh^ 

Aliisj, &l°l§ 

4°1|*1-# 4343*}- 4 4 #1*14 *\ # 414 14 IHM 44. 

«ieii mw iti # h saieis y-soi i? mm cu-EhEJ- mno \ oi-liei- iei mm \ 
ao| OR-^SIll 1EI °JEJo| ^7|2|- MMi k 174 l^[H2F LEDH 

HI46HL17K)1 gJ-LICK)) 

#71447} 5} #*U1#1 #44 47l4°l5] 3#1#1 33} «f# #4144143 

^ 344#3i #oi 414444. lIl'dlmiTl# 43434471 o| 2#(44-7l*ll) 
3#445l ^4## 147} 4# t^f*} #433*1 *H§-3#44441 44444. ojj 
4-34^14451 #44 441 #4*1-71 4*M #14 *1# CFD^l VOF341 3-1#4 
414 VOF341 4434-i #°l7l 414°! 4 44444 47151 3#### 44*1 
443 4 3144. 

7d4°dl[i]47l# 7 \ 5.4444 444 -8-714 *d 7l #41#4 ###4347151 4 
3^144 44 44 4 413144441 4#*M 474443# 14 44. 7d*34i 
[2]°fl*14 244 4 344 cfd 441 #*M 444 4451 4343147151 
°d4 lEl °d44 41 444 lEl °J 434*11 4 4*H 44444. 

4-314 44-714 2431-51 cfd444441 4-8-44 43“H*! 4 4 4 #4 4 
51 344441: 44 44 4 4 471-4 14 35] 4^4 4*1-4 4443 44 #4451 
43447! 3 4444 41444. 

1 . S All M § 

44 44 44-443371 #44 ^444 3?U 341144 4*H 44 44. 4 
41 4-71447151 <44#^°!# 4447I 444 471-4 44-§-444 4471 344 4 
4-344 444 433 47f4 44 4451 #4 451 344### 4444 444 74 
4444. 

-§-4 44*151 <4*1151 #4 44 44-4*11 24-51 #4-4-## 3444 vof 34# 
4#44 3514# 44. Jp 4-7f44 444# 7 0 v^-5i 44 4 4 44 444441-41- 
#44 41# 91 4. /44 444 4 444# 414 44 1# Si4. 

13 " 77 

- 7- (0C q p q ) + v • (. a q p q V q ) = 4^ + Yj (m pq - m qp ) (■ 1 ) 

Pq L df J p =i 

4*1*1 # 4" <734-31 7? 44 35| 4 4114 3 m pq # 4 7?3#4 4 ^35} 4 

41144. 34-451 444- s # 4°14. 44 4 44 444 444 44444 91 

U q 



-§- 4 XH 4 44*44444 ##4-|-444-§r 44 444 44_E.44H —119 — 
#4 Xl4. 4 41-4 414 4 ^4 4 Xl 4 4-§-4 444 4 

lX =1 ( 2 ) 

9=1 

414 4444* 44 °] XlTl^lTlSff. 44 XI4. 

*4444ilXl4 44-4* *41-* 4 #*X14 d\] a] -^-4 4 «-7j-|- 4 ^flofl °14- 
4 *4t* XI4. 14# 24 *Xl 4 4* nil 4#Xl44 4#* 4-5-4 44 #4 XI4. 

P = a 2 P 2 +(!-« 2 )A (3) 

444*# «1*4X14* p^aqPqS- 44. 444 44 44 44ti 44 4 
°1 4444 XI4. 

2. ^£l20|Ua 

444 44 4X144 #4 44 4444 444 #144* 444 44 444. 

444 444 D = 15.24cm 4 # 444 *4* H = 27.94cm 44 444 #4X1 xv4 
44X14 4444 4 44 XI 44^ 444# 44#1*4 44X14 #44 z#4Xl44 
4444 #444 444444 4*4* 44444. #4 *44X14 #44 4 44* 
#44#* -§-44 4444 #1* 444# 4444X1 444 #4444 4 44 # 
444 44 #1**-* 3mm #44 644####(4 4 1044)# 44444.P] 

-§-4 4X144 #4 4 444 444 444-§-44###4 fluent4 44-X14** 
44#4 4 vof#4* 4-§-444. -§-44 #4-4 444X1*4 4#44 vof4 44# 
#-§-#4(#444# g = 9.8m/s 2 )# 44444. 

4444 44 444 * i4 44. 


S 1 . DH1M2I 


44 

4#/(kg-m“ 3 ) 

4 4 41/(kg • m _1 -s _1 ) 

4X1(4*) 

618 

0.000 248 8 

44(44) 

1.225 

0.000 017 894 


-§-44 444 44X144 4*4**4 44*4*4* 
444# -§-444-4 4411*4**4 44 44 444# 
4 444. 

#4 1X14 *4*44 44*4* 44444. 

44X144 -§-4 4X144 44444 44# 444# 
44-*#44*4**4* simpfe#4* 4-§-44*4 # 
* 44*41* io -4 44# #4444. 44 4 4444X1 
44 4444 40-604 #44. 

4 4444X14 44 4 4 444 4 44 #4 4 444 
4 4 udf* 444# 4 4 44*xl4 4 4414* 444 


*411*4 



*4 l. #4#44 4 4*4 



H(f* o|rti 


- 120 - 


444114145 14 14108 ( 2019)4 4654 444 


4 1^44 511111 ^44$^. 

-9-411-5. 4141 44 11144 ^ *1 4-11 *4 414:1 Si4. 

r — _ i _ 

c " 5>, 

i 

444 p. f v jt r . i- 44 jig4 5.54 4_£4 44, 5.5144 145^5545 r c l 
11144 4-4545544-. 

udf 444 4 44444 444 44 4 4 5-4-9.4444 454- 44, 44if 
4 4 4 4 44 44 4-44 41141 44444. 


3. 


441444444 4444 544144 44455 414 44 4441 Si4.[3] 


^ 2k 


1 1.841g 


R 


th 


1.841/2 

R 


444 A! 444 14 45 i?i 144 



1 14 44 5141H 44444. 5 


444144. 

44441 44 44414 544 45 
1 444451 4444 444 h/R = 1.8 

4 41 44414 541 0 . 02 , o.oi, o.oois 

5 4444 44 441 4444 *11414 

4 45444. 44 44411 At = o.oois 

5 4 4 4441544 4 41 1411 
44141 11 444. 

54 2441 444 451 14141 
44 4 4 441 54144. 

411 14 444 444 14 4 45 
2441 444 4414 4 4-51 14 44 


5141141141 44144 4 514 4$ 4. 


R 2. zjOll eHflUOIOII [Qsj= gg°jo| 


4414 

>3 

II 

oo 

S- 

II 

b 

h/R= 0.5 

441°] 

2.446Hz 

2.388Hz 

2.087Hz 

14 t°l 

2.433 Hz 

2.312Hz 

2.044Hz 

54 

0.5% 

1.3% 

2.1% 


54 3441 414 451 14144 4 4 441 5414. 441444 45 
44 144 1144 414 14 4444 4414 4 4 44 144444 4 4 
1 4155 44144 44 44141 11 44. 

4 4 14 14 44 4414 4 451 4 414 4 4 514111 4411 41 


1 |1l|[t! 






-§-71 °H 71 ofl *j| ^ oj ^ o] -§. 4 ^ 3 4- 41 tt tt71-71 4*1 i °] 43 


121 


tl7f7i 4*1 Til4^4- °1^UL cl ^#^4- -g-^5] « 0 v^4 -8-7151 7^44 

5l4-§: °l3l7l-*l 0.1 °Jtl- q ofl 3]-ftH* &tf. 



f/s" 


0.002 0 
0.001 5 
0.001 0 
0.000 5 
0.000 0 
-0.000 5 
- 0.001 0 
-0.001 5 
- 0.002 0 
-0.002 5 



0/50 0.60 


L) 


i/s 


H3 3. 3CM1 t4^4 34434 °1 *1 si sf 
7) h/R = 1.8 °J 34, M hlR = 1.0 4 h/R = 1.8 °J 344 4 JL 


a n s a 


[1] S. Fontanesi et al.; Energy Procedia, 81. 856, 2015. 

[2] J. Hall et al.; Journal of Fluids and Structures, 56. 11, 2005. 

[3] R. A. Ibrahim; Liquid Sloshing Dynamics, Theory and Applications, Cambridge University Press, 
56~134, 2005. 

44 108(2019)4 63 10°J 4213 4 

A Numerical Simulation Method for Prediction of the Natural Frequency of 

liquid Sloshing in a Container 

So Kum Hyok, Han Ui Choi 

In this paper, we study a numerical simulation method to determine the natural frequency 
of liquid sloshing in a container. We illuminate that the result of the unsteady solutions of CFD 
analysis of liquid-gas multiphase flow depends greatly on the size of time step and that the 
natural frequency considerably agrees with the analytical solutions. 


Key words: sloshing, natural frequency 
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CFD Simulation on Hydraulic Characteristics of a Dual-Bottom-Drain 

Circular Culture Tank 

An Choi Ho, Jong In Bom 

We consider typical hydraulic characteristics of a new dual-bottom-drain circular culture tank 
made by a combination of the center bottom drain tank which has better hydraulic properties and 
the eccentric bottom drain tank which is much more convenient for the labor requirement near the 
drain, using 3D CFD simulations. 


Key words: dual-drain circular tank, CFD, drain, hydraulics 
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The Problem of the Design for Minimum Volume of Reinforced 
Shell Structure Subject to Critical Load Constraint 

Ri Choi Su, Kim Hyok Nam 

In this paper, we derive the optimal criterion for the determination sizes of the reinforcement 
members in the problem of design for the minimum volume of the reinforced shell structure subject 
to the critical load constraint, present an optimization algorithm and verify the validity of the proposed 
method through an example. 


Key words: critical load, reinforcement member 
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